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IKmODUQTIOM. AlC? llSfOBIGAL 
It ®e®a® pirob-abl.-« t&at 'tfee. relatii*© fositl¥l%y ©r 
aegativity ©f ©rgaolG ratlo-ais ©as best b© ©i^lained fey %h& 
©leetroii theory of fal@ja-o.y aat earn iaterfreted tb© 
ability of the sAstltwat radicals t.o sliaiB ©leetroas witli or 
traasfer ttieia t© ©r froa tka. atejos ta ^ ieb they are iiakei 
eaaslBg a ia th© ©leetTOats aoaflguratloa of tb© Mjleaal© 
willed affe-ats its ioalzatioa* 
fbis Imflmene© of • smb^ tittteat© ©a tl© »giiltu4« of th© 
i<jaiE«ti©n ooattaats #f'^ rgaai® aal4s was first' observed by 
Ostwali- tl).,/whO' foaad thitt the ioai-satloa coastant .sbaagea by 
a teflmlt® faotor- wtem the s«bstit«©at was plaoaS in a oertaia 
positiom relativ® to- the aeii feyirogam- of oarboxylie acids, 
f©gsela©14@r (2) la^ eBtigat®^  tbls "faetor lew" farther aM 
&tiffl»a,ria®d the svailabl® 4ata froa wble.h he toi^ iled tables of 
faotors reprsseatiiig tii© effect of tbe rmxlom s^ abstltttents ia 
the varioas fositioas oa %h& ioai'iatloa .noastaats of organio 
aeias* Tfeis «factor law** of Ostw^ ald's,. or tk© «OstifaM-
l©gs0b#14€r Kial©« ,©s it Is 8Q.a©ti®0S aalled, tes beea the'basis 
of waob exp-eria^ &tal work aad wat mei early by Walter (3) for 
d.#termia.ljag th# ®ff®ot of Introdasiag rmtloals tat© dibasio 
aolds ao€[ esters and later by Ghaaaier- -(4} , Mms CS), aad • 
il) 0stwai4.j. pra^ t, eh©®,, §1, 4SS {ISSSjj S» ^ hysik, Ghem,, 
3, l?Q-, mx iisstK • ' 
(2) ¥©gseh©tt©r, Moaatsh,, S3,- S8f (ltos)» 
(3) Walker,, 3». Qh&Am So®,, €1, flS- (l8fai» 
(4) Chaatler, 3".# Jm*- Ohem-., S&e*^  30-, 694-?lS (1900) . 
15) Ad&mBf,. J# ia, Chem* Soo-,, S8.s"TS05-i0 C1S1S|* 
• 5 
BJ©rrm (§) wIiq were' la me loal^ atiQa ©f dibasle 
aei4s* M©r® f®s©at3.i' Imtea • | fj- h&& treated "tfe# «Ostwali Law« 
fro® t&e iQiat of view of iipol.® mmnts a»d 'has -^rawa thm 
li^ oirtaiit eoaalmeloja that' optleml ip^ tatloa, tlssosiatioa 
0oastfflat-@ and Raaaa fr«4aea-®t©s oust t&tXmm&A ia tbe 
saae general way by substit-utioa* 
la an atteafli t© oori'-ela.'fe.e eleetro^ egatlvlty of orgaale 
raAleals wttk degr©# of i0ai.satloa of t-li®ir ©©^ omats., Hixoo 
&W& lobas {8) kav© d@»®stret@i a rslati-oaship 
wiiieli piae$8 ©aeb orgaals yaiical to- t'h© sam® polar 
gro^ lag in a 4«flnite posittea la a pelarlty series-, fh© 
substltmnt grcwipg,. feowewr, amst aot h&m p^lar lintmem 
att&eliefi t© tk^ a, aer aast t.li©y remrraBge to isoa©!-!® foras^ , 
Als®,. tli« ©leetroa-siiaring ability affeare t© d®f«a4©iit tipoa 
tfe« .fflas® aaft tbe pot®atiai ©f tlie atoas aa€ t&e spatial 
eomfiguratiea of tlie »le®uile* f&e latter is illttatrated l),y 
tb® differeae© la i«aaizati#ii a#mst-aat® fer aaleis-aad fttaarie 
aoids aad fer tbe eis-trans orotoait aoit® (9). 
fli©- authors ®©'iitioaei ab#f® fio) exteaa®^  tta© elifotron-
sfearlag sMlitf mmm^ t to tii® organic- 4eriTatlt"®s of m&rQwcf 
aad have inir«stlgat©4 t-iie •e^ ailiferiim 
(6) BJerr-m, S. p&|rsik,.-GJfeea.,-106, 21t {19ZSU 
i f )  Ea#k©ii, Z *  aag«ir» ahem*, 4§».''^ 08 {1952|. 
(a) Hixom aM Jotos# S,. Soc,. 49» IfSS Cl9S?)*.-
m Ostmld. Z» Blrsite. Qmrn,^  5.,. SSO {lS^ 9) , 
(101 3rQtos. wlti Hixoa,. f^er®. 34,, SSg© C19S0). 
% im-
mw^  5=:= isiig • Hgi, 
whereby tMey were ab3.« t© pla@e • the .Qj^ gaato raiioals im 
•pmltimm %m aa ©leetreangatlw series @©-iadittiig 'witb %h&' 
s^itiotts- held by tk© same ralls-als is aaA RCOQH. 
Allisoa tad' iiixoa |11| tbat %fe@; polarity of %lm 
orgaai-e raileals cartes from a Tw&ge aor© fositive thaa' 
iy4rog©n t© oae asu-© asgatiw© thm •elil«sriiie.. It has b«®n 
fovmA also t&at there allyliatl'S ra€laals tliat are sor@ 
ma «©11 as »ra positive tliaii tti© tyfi@ml aroiaatio 
gro^ s as ©bowB by tie fast that la tli® order of relative 
©leetr©B-sharing ability tb® ©roaatie gromps li» b©tw@»a tb® 
aO'Bt positlv© md .aost .ttftgativ©; alipbatle ,grott]p©,» 
Osbwii (12) aad/ffar# CIS) iav®stigat«4 tbe relstioasbi® 
©f tb® elestroa-^ ariag ability &t tb@ sobstitnted orgaai® 
ratisals attsebei' 'to tbe arscaais aeid grompiag t0 tbe ioaizatiea 
eoast.ants of the aeits by mm&.'mtlrttf aM e.a.f, metbots,,, 
rsspeotiwly, ani obtaii^ fi aa order of 0le©tr©ii©gatiflty of 
ratiaals sisilar to tbat Qf Mlisoa aai4 Hixon. 
Crs-ig aM UixQm {14) f»md tbat tbe iQiiiEati-c® eonstaats 
Qf tbe I-s\ibstitutet and o^ -sabstitutBd lyrrolidlaes w®r© & 
(11) AllisGH eai ilixoa,, Am. Ohew. 5©^  1S§ Cl9S8|* 
(is) Osbara, fb© ,!'..ffe©t ©f the h;letftros-.8barrnf ability of 
OrgaaiQ Raaio.als on- tb® Gondrntanm m& foxielty of 
Certaia <^ g«nio- .Arsenieal OompouMsm 0apmblisbed fbesis,. 
Library,^  Iowa Stat© -Oolleg©^  iiass, lows, IflSO. 
(IS) War©, The lleetroa-sbarlsg Ability ©f Orgaaie B.adioals. 
©rtboohlorobeazyl latio^ al* Uapublisbefi fbesis, library, 
Iowa Stat# 0©lleg«» mms^  Iowa» IflSO., 
(14) Graig aa€ Hixofi, J, la. Obem* 3m5S, <4SSf (1931),. 
» f • 
faaetioa ®f alestr.Qal® of tlie orgaalo 
ra€lsals» Sralg Cl§|» wsr© resemtly, la-aa ettaapt t© 
eorTOiat© with'straetttr# la a serlas <sf cK-smfestltatet 
M-i»tlif3#l'r]ro-114liies,j' fomat a relatloasklp stmtlaJ? %q tli® abofe-
ttt r@sp@Qt to basis «ai polaritf* 
At HarTert leaf aa4 as's0'@lat©s flS) h.m-e 
w0Tk©a ^ oJig S6»8#ftat similar liaes -ana Mvs ©liiotroa 
affialtles of fr©@' r«ai§itl@ la absotete faiuea Msiag tfe© 
rev^ fslbl© reaetlea 
CBl.S • la 1—- ClU<r" ,* »®* 
?li©f'te*e dealt oalf «lti4 the sromtlo rait©als fii@^ l^-^  
ani. 4ipli#afl sttUstitutei Im. Cff»HB.)g0-R mft feav© mt 
yet iavsstigatei ©tber aroma tie gro-mpw m the gromps. 
M©st of the wmk m l©iitmtlQa has h&m i®ae la wmter 
aM im tfa© past tlia effect lie® Wm mre or l©ss 
agswet t& fee t^ oastaat f®r emolt e^ ioa®ft ^ 'aaured* More r®a©mt 
lBY©stigat0rs, ;p.ai»ti©ttisiyly G#aaat tl?):, tefe @af-kastm@4 
tb« p©s#l.fele dlstwrMii^  effect the solveat om tla- valttes 
#f the «o.astaats|; ana thl® ©eriainly is a faetor 
t© to© aoasltor©# wteii ©tiiilibria iata in ilffereat m4im 
aat ©f«a la tli® sa»© ar© to ¥0 eoapar«4:, Htswe-ver, 
there seea to Ij® eases,, as slio«i l>f 0o#dlime aai Hixsa |18| 
US) Gralg,. J, Gfe©a» Soe,, 2543-50 (193&)^ ., 
fisj Beat, Am* Gk^ m^  Sou^ , S2, 1498 Cl»SO)| 1966 |1&S1|, 
Cif) Coaaat., lad* lag*^  SI, 4Q6^ 4f2 11$&B77 
(m) Ooodhm mA Hix©.a., S0O,. iStt (ltS4j. 
8 « 
aat GoMs0lial.it asA m-^ workmrn {lt)» wtere tit# irariatio-Bs la 
the relative tmsieitls® ©f soa® «foap©aiits ar®' affroxlmtsly tb@ 
saa® la, differeat sQlveats, fh® foyaer meas^ ed tli© ioalzatioa 
eoastants of a series ^ f aaiBss and ©rgaale aclis la water, 
mthmmX aad ©tb^ ol aai on ei&:^ arisoii Qf the ¥-8a.ii©s fo«»^  the 
slopes of all tli-re© earves %q 1j© apprcxiiaately >&# srae, wlaleli 
ladieates tbat &mh sol¥eat ebaag©s tlie iottiaation sonstaBt of 
etery s^ cmpomd In tbs series toy a eoastaat value. Bent ISO) 
btts fottat that tlie solfsal has alioiat tto same effect ©a the trme 
®a©rgy valme ©f eacli of the ratleals la a series In-^ estigatei 
hf bim,. 3^ fl^ list«<i•» s |21| iBt©rpr«tatl-oas ©f liie rSle of the 
solT©at in tisBoeiatioa tev® thws beea su^ stamtlated to same 
aegre©, feut lasre data ar« aecsassary for the jroper elueidatloa 
Qf tbe .profelea# 
(If). QoXAsQhsd.m^  Z, Otoen., m, U6-154 -(1921)1 119, 
439'-4fs Cisae). 
(go) Bettt, J. J®* Soo»» 5S» 1794 (1931). 
(Bl) Br#a@t®ii.,i, CHea. S, lil-ms (ISSS)* 
sTATiassT or tm momm 
Soltsolmldt amd Sa4#r i&B) VBtm iatersstM la o-btaiaing a 
el«-ar©r relatioaslitp Mtneea. .sttbstitatlQii aad fiegree Qt 
ais8<5elati0a mmd ia 19Si iavestigatea tb@ mquillTorimi betweea 
a series' of o<-»aryl substituted •(S-beaaoyliiFi.razfl raflieals aad 
tfe'^ ir @93?r©sp©ndiiig tetrazaaas. 
B i m f l )  :5=fc/TaryDsM-HaOG^ HjiJg 
Tiiey m«ssure4 th® •d.issoeistlea. ot'%hm 'substituted 
tetr&zm&s, in tolii@n« bj a a©abiaati©a ¥<jlwtet,ri-a aitd speetral 
aetliodi Tb© tetfassaa#-® varied oaly ia tbe ary.1 groups sub-
stitut©fl, t&e rest ©f tliQ struetuT© beiag unoliaflg©<i, so that 
aay differenos la properties aaoag the soagQands woulft 
iogisaHy be du« t© tliese speoifla groufs end tkeir eloetr-onie 
©ffe@t m t&e test &t the »ol@sule* It was felt tbat a 
oorjrelatioa of tbe -rariattoas of tb© disse-oiatioia oonstants in 
a series of siailarly smbstituted dipbsaflejalBas witb tbos^ ® 
obtaiaed by Ooldsshmidt aai Baier would streagtbea tb@ ©iridenoe 
for tk® el.©<it3Poa©gativitF sejpies ©f orgaai® raaiealg propssea 
tef Hixoa aad .Joto.s,.. Substitutai. ilpbeaylamiiies were used, as 
tbtts tb© i?a4i®als uiiiejp invisstigatioa w®r© attaebed dlreetly 
to nitrogea, as GerMssbaidt and Bader bad tbeai is their eompoimds.. 
Ttoj tept am side of tbe a©leeal©, -MOOC«H«, mnstmit tbrougb-
©utj ia tbis work th« bydrogen was alwa^ rs liaJ£®d to aitrogea 
C2E) GoM.s«.limi€t and Bad«T,.- '4'?g» 12? tltSf),* 
.•* io-
so t&at Q-haage in, 41sif©«iatioa :0.O:aat»aBtis oewlt b® expected 
t© l,a th© saa« dirs©ti@m .la %h& »eries ©f •©oapoiiiiAs 
aeasmred,* s«bstltst«4 Uf^ wmtmis- were a©t .as tbey w©r» 
too- 4iffie«it to prepare and imststol®» 
ffe© ioalzatloa Qmmatmtm &t t&e series of fara', smbstituted 
ilphenylaaiaas were aeasttreS by att setlisd In, absolute 
aetha»o,l (16), beeamse of im.so.lttMllty of tfti® mm^ &\m^ Ls in. 
water* Slnoe th& ma.Bm9m&m%s were s# satiefastory,. It was 
decided te lja¥«stlgat© several ©tifeer serlas by tb-ls method in 
order t© obtain further evidence for tlie el©Qtr©a»sbarlng, 
ability esaeept aad, als© t© leara »r© about tbe effect of tb© 
solfeat mpofi tho -©.leetrleal ^ r^ fsrties ssf ©rgiSaic e-omp^ iinds# 
fbe other series «fia.sar-ei w«re l.lHOgJIg.., BUSia., IH)#!®,. a,n€ 
T&e literature Css)- bas available loalm.ati<i.n datfi 
oa several eoiipomads ©f ©aob of tbe abow series in water wbisb 
bav® bo€m adaptei to tb.,ls eea-eept and -wbioli bave b®#a :plotte4 
OS a grajjfa bf tbs met.hoft ©f Delias and Hixon* All of tha values 
used are satlsfaatory ©jcoeit tbat fer -aapbtbyl-M-setbylaala® 
la tbe RffiCIH,a ,s©ries. fli© valae ot q f&r tble 
is bigb«r thaa tli,at frediateA from tb© e«rir# a»il sine© tbe 
valwes gt the othm aeabers ©f tb® series fit the eurTs It 
(23) Hall aad SprinMl©,. S» .mu Obam#, O0S.», 54, 3409 I1932K 
a^iJ, 
tMt ,it is errmmmSf the Xm toa.if.tt%toa.prob«bl|-
feelag due- to the ©xtr®ia@ly wsak ba#ieity l®w tolmbllltir of 
thB Qomp-owai. i.a:wat'«ra • ' 
th»a tto SKbjjj^ oE STO'. 
ia methanol and tlm as orAlnat®® agalast ti© eleetron-
•slas'i'.ag ability of thm raftieais m atossissas, a 
om-fm IB Gt>tala©4 Aiali sfesalA par^ lei that for %m  ^
ef • the s^ ame defies ia water la.ea tb@ earves are stfmight 
t&© iiffer^ aee ia b©tw««ii tbea Jias a oo.astsant value 
aa4 ean b% us#i -to salealete m& 5% ©f a ia- oa® 
s0lTeiit wh©» Its in t-tee oth«r soXvsat is teowii* 'Thm leni-
zatloB eonfi^ aat of <?(-tta^ Miiyi-S*»t]^ ylaai.ae will be Aeteraiaed 
by %h& abow .»atfeo4 to test tfe« ¥«lldlts' ef Hall- &»€ Ssri'iii:!©' s 
ma,Bwc&mut la wa.l;©i?» 
- lU 
3^ m»®tr'ie:al S#»cm4agy Miae Series 
fills- •eoaf©tiiii wm hf the geaepal metliod of 
GolAfcerg iS4-} soa@ aoilft0:al;io]a.s. 
Forty grama #f aoetji-f-anislstlii® frefared from 33-..5 
grass CO*^  ml&) of f-snlslAlne ead ^  grams i0*3 aele} of 
aeetie aa&ydrlde were latliaately mixed \ii%h EG graas |0«i5 
aQie.) of powierea pota-ssiiiffi earlsonat© aad 1 graa of potassiiua 
iodlie# fhls aixtwre was transferred to a 200 ea. thr«@*iieokecl 
flasic fitted witli a rnvmrj sa&i jsesttaaloal stirrer and a 
Hopkias eoMeaser and JLOO grams t0»53 aolel ©f p-toroaoaalsole 
6ia©a» Gil© gram of copper-toromae powder was thea aidsd and tbe 
wliola r©fl«x;et for S4 hours.. A tlarK: browa oil was obtaimad,* 
Th& exoess p-teoaoimiBQle we® ®t©aa-iistille<i off aad tlie residual 
oil «xtra0t©4 with stfaer mA filtered* fb© etber was eliminated 
m<l®r illffilaisiieci pressure aM tlie oily resMme all^ -wed to 
erfBtalliE«* A masti was olbtalae^  wlilefe mm reflmxed 3 bours 
-wltb alsofeolie potassium faydroxia® { 7 Q  oo# of 40 psr seat W E  
aad 12S 00#. of mlQokol}» Ths aleoMol was ^ istlllea off and the 
oily rssiitte separated from tk© w.at®r layer, m approximately 
70 per oant soltttioa of methanol «as sarefully ai€ed to the oil 
(24.) doMberg, Ber,, m, 4S41 (1907.), 
13 -
aai W'liol® ailowsd,'to st-and overmigfet^  wli©n a pal® 
» 
erfst&llia© sass forsaa wMeb aeltea at 85-90 ,. flie itass was 
fllterM,. w«sh0d mlth, mstimmX asS .reerjstalllged Ihre© times 
froffi ©.apefully tiliitsa metbaiKSl-,: fti© meitiag point of the 
. ® 
solorless,, pmrlfiei deajaomat was lOS « Wielani (SS) fom4 the 
O 
laeltl^  point to lOS and other investigators f gS) otetaiaei 
101-102®. 
Aaal« i3al«i,» for H, 6,11 per oent, 
FowaA: W, &,0S per seat* 
g,p *-Pitolylaaiae » 
in Intimat© mixtare of 18 grams CO. 12 aol«) of' aeetyl-
p-tolal<ilB© and 9 graas of potassim carbonate was plaoed in a 
goo c«» tiir©©-a@ek©d flask: to vhieh was attaohefi u Hopkins 
Qoacleiiser end a aerawry seal »ehaaieal stirrer aM.thea 30,5 
grams (0.14 aal©| of iototoltteiie,, 1 gr^  of fetassiiia ladiAe 
and 1 .graa' of oopper-brasz© were mA the mixtare reflnxed 
for £2 hoars with sonataat stirriiag* fbe'.exeess iofiotoluene 
wms steam distillefl off and. th© browa oily rssidme extraeted 
with-ether, fha ether solmtioa was filtered aafi th© ©ther 
emporatet leairlag & brews erystalline aase of a® It lag point 
78-80 .• The oruie aoet-di-f-t^ ljlaaia© was reflmred'with 
alooholie potassltta hydroicia® for three -hottrs ami the aloohol 
thea distilled off leaving aa oily residue whieh was separated 
(85) lielaad, 3er., 41, S494 (1908}. 
(26} Meyer and GottlTeb-Billrotil, B©r. , 5S, 1482 (1919). 
14 • 
froa thB wmter lay®!* toy ©xtraetloa witfe ©tlie-r. fto ether 
solution was several times with aistille-i water m& 
flaally th© ether was orated. A teowsa oil reaalatd, -sfeleh 
orystalllzei on ooollag ©veralgHt^ * flie erutd prodnet of 
« 
meltiag point 68 was drl-ea aufi fraetloiiaHy distilled and tb@ 
© 
fraetloa bolllag from 3S0-S4S k©it, Tbe Qt &Q grsois 
was- agaijQ fraetionat©4. aat tfe© portion aistlllta-g over froa 
o 
S-20-3S6 ftirtiie-r fwlfled bf fowr erystalllEatloas fro-m, sllgiitlir 
iilutet ©t&aaoi* a0l0riess erystals that «elte.d at 79 were 
Gbtalaed. fbe saao aom ound prepared by a iifferent m©tlio4 
6 
was fema to hmB a 2»ltiag polat of ?S bj le-rz aaa iail©r iS?). 
Anal* 0-aled» for Ci#aa.aHs S,, 7,10 per eent. Foundi 
6.*83 p©r oe.»t, 
DlpfaeaylaMlse« 
fMa praparatioa, a o^ i, grs4«,, w-aa SlstillM at IS w, 
© 
pre-ssar© aad tlie- fraetioa bolllisg at 161,S taicen. This was 
0 
r-e-orystalli2i©i thitm tl»s freia ethaaol and ne-lted at 54 . 
# 
Auwers aad Irani 12®) reported th© aeltlng polat as 54 . 
fbe remainlag ecMipoaaas of tills series w«re obtaiaed from 
lastaaa Kodak Coap«ajy aai *ere pur If let before w# as 
lftd.i0-ate€ below for the respeatlTO preparations. 
izn M©rs aad Mailer, Ber,, S£,, &46-(18Sf),-
(ESJ Attwers aM Irani, ?>« pliysiJte, O&ea.» lie., 450 (19.2i} 
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•• PiwifleatiGii of ^ tkts Qo^ pomi was aoiiieired- by ooavertiag 
1% to ti.© by€rooMlorl4e aad resrysta.Ui'iSlRg la-ttor from 
absolut® ©tbaaol* file aalae was- tlioa liberet©a from Its salt 
by moaas of 0oao-«Rtratoa pota-ssitm liyiroxld® solntloa,, dried 
over stiofc potassiam liyiroxi€@ -ast fraetioaally distilled, fho 
-®-
eoMpoaud boiled at l&O llhen tli© amine was driod otor 
potassitia bydroxia© aiwi fraotioaally dl-stilled without the 
above piafifieatioa fro-soss -of salt foraation, ao difforeaoe ia 
the value of its ioaiEatioa ooastaiit was obtained from tMt of 
the higiily piirified samln©. 
.Anal* Oaloa» for aentral. eciuiv, lS9-,2. 
fomads 1S9.,0. 
•Dibeazylamiae « 
fh© lastaais, t3E*odtt0t was irle4 over fotassltim iiydroxide^  and 
fraotionally •distilled. It boiled -at lf5-l?6'Vl2 aa. 
• laal* Galed, for CG.«.iisG-H8l gNHi aoatral# ©qmi-?, 107.1, 
Found! 19?.1. 
Pi* {<3~hf droxyethyll »eaiae« 
After being dried ower solid potassiiim hydroxide, the 
solorless soapo.uad w-as distilled aad tim fraetioa boiling at 
© 
i6?-16i /15 ». used, fhe literatur® gives the boiling point 
© 
at IS am., as 167-169 iSO). 
im) Bossi, 1S8. 178 |137l).  ^
(30) PreloE, Driza &ttd Hftnonisek, Golleot*' fr&¥« Ghim* folieco-
slovacittie., 3, 57S-e4 (Deceiabor 19S1}; Oentr, 1S32 il93S), 
- M 
M&1». Qalod« for CH0GsH#l8»Ht IS.SS per mnt, 
lowMs' if, lS.*i6 per omt* 
' :S*Sm.l>at.ita,tie4 Aiiiliae Serlea 
(^ *Hy4rQ2:ye%hylaiiiliae * 
line fey grams (1 TOI,©} of aailiae aaS Rta©%|- graas (0*85 
aoiel ot mMfdrom aoditta ©arboimt# 'wmr& put- Into a 600- ee, 
rouHd-bot%©mea fiasI: fittefl witb a Hofklns ooii4@nser and thea 
80.4 gra»s (1 mol©) of ®tliyi«ae0lil0rofeydrla aMei. A reaetloa 
oea'tirred ii®<sdiat©lf and the alxtura was aliiowe-d to reflux 
gently for 3- hours, fh0 eoateats «f tlie tl&sk were filtered 
and th© resiiu® a^s}a@t sewrttl ti»fs with mbydrma ether, "Mj.© 
filtrate ana wasliags were fraetlonally distilled, flie ether 
Q 
wm.r&mowed am& the first fraetioa 65-16® /19 ma* was disaarded, 
o-
seoo»!l portloa ISS-IW was refraatioaated aM the part 
©- , 
distilliag mer at 168-If0 /19 m. was Icept. Oa reaistilletioa 
o 
0f, this ^ aotio'ii. tb« portloja boillag at 1©8-1§S /19 mm» was 
eoasiierei to 1m stiffieieatly pur© sad -was sealed in welghei 
©apttlQs, 'a© pare proAuet is yale yellow aad -flsoous aad was 
obtained ia SQ per cf-©Bt of tiie theoretleal yield, 
flie above freoedure ig ess#atially that of Bla<lfiisz and 
Harnaok (Sl|. Adaas aM Segw (3B). obtained better yields by 
a different aetboc an<6l the eoastaatis obtained above daplisate 
theirs. 
I SI) Riadfmsa aii4 liaraaofc,. isa» G&eM* Soo..., 42, 1?2§ {1©.80|, 
(3S) Adaiis anfl Segur, S* M.* Cli©a. Soo,, 9^  {19tSj, 
- 1? -
This ©oapomai aoald test 'W p-repar-ei toy tli-@ -aolfiljsrg (S4) 
ffletlioi with som iic>tlfloati©as.. 
fo M .graas (O.Eg «©1®) of aoetjl-p-aalsidiQe,, 18 grams^  
of anhydrous s>ot©ssi« <x&hmm%@ v&re- &M&4 &a4 this aixtur© 
@m&r@4 *lth 230 graas |l,a aQleg} of iodo^ enseae* fo eat«lyze 
t&-© mmtlom 1 grsm of eoppar-bronz® pmaer aad i graa • 
potassia® io414e mrm addad,, fij© wbole vma retlnxeA wifcli 
stirriag for 22 liows aad tlm exeess iotobenmeae t'ben ste«»-. 
clistilled off« ffee rmm&iniu^  daric rafi-browi oil was extraetsd 
¥lt& ©tfcar,. ttie ether ^ faporat^ d aaa tfae resliiae allowei to -
erystalliE©, fh@ prodwet w«s reflwxed witb alsoholio • 
potassium' byoroxit# for S hours -aai ttie-a tli® alcofeol distillea. 
off». fhe parf'lisli-fei^ m soiifl resite© was filterea, washed " 
with water aai dried^  Tit© yielfi'of ornt@ p-aetlioxydiptiesylaaiii© 
was &0 grams (46- p«r seat of tii« tlieoretieali. Tflien reorjrstal-
iizet fowr ti»©s froa.earofiillf* 41iat#a aatbaoaol it gave a 
6 
ooastaiit melting poiat of lOS (ttiioorrooted) * fhe literature 
gives 1OS Coorreotea)(33i• 
Aaal, OaleA. for Oa-aHagOSi H, ?,03 per oemt. Foundi 
M, 6.f8 -p&T Q&mt* 
g«>M0 thy Idiifaaayl tmlso •. 
ffeirty-six grass |0*24 mle| of ao-etyl-p-tolaiaiae were 
|3S) Willstatter and laitti, B«r,» j||,.4138 (ItOSK 
- IS • 
latimtely witli i© gyaas of potesaim oai-bonat® aat 
QW©i"«4 witJi 3Q0 #f teo»9'M»mea@, -Abomt' 1 gram '0>t potassiom 
.i04t€© aM^  1 gem. of eopper-bronge powfter were added aa<l the 
whole reflwxM for EG hours, iift®!- tfee ©xoess brofflotien^ ,en© was 
r©ao¥®4 by »teas distillatloa, a tbiok r©d-torowa oil was loft 
wbleh was tb© erute aoetyl-p-aetliyld.lpfeaaylMilii©, fhis. produot 
was extmeted wltb ethm and after thm r&mml of tke ©t^ or toy 
distillatloa was piirifl®€ hf ©rystalliiiatloa fr-om aleohol* 
0 
fiae gray crystals were formed whloii aeltad at 51 , By saponi-
•fieatlon with aleo&oli®. potasslxim hydro3£ld®» 10 ^ rmm. of 
p-aetliyldipheiiylaalae wer© obtal.aed* fbe yield was 25 par oent 
of tli« theoretical., Ooldtoerg (24} ofetaiaed SS per o«nt» fliree 
reseryatmlU'Eatloas from aleoliol gair© & oonstaat aaltlag polat 
0 
of ®7-88 , wliiek Qheoks %Mt is tl» lltoratttrs ( 34) * 
Me tbyl&aillBe. 
fbe Eastwaa lodak Co^ aay preparation was rodistilled m& 
thte bydroolilsrid©' prepared aad reorystallised soferal tiaes 
froiB aloohol* Tlie ©aiaa was .liberated froa its salt, 'dried 
over solid potassim. Iiydrexide, and frsotionally distillod to 
o 
olsteiG tbe pare prodnet, Ttm boiliag point wa® 190 . 
iJi.al, Oaled, for Q.yl%li 1, IS .Of jer oeat# Foamdi 
M, 1£,9& p©r oent* 
CS4| miaaaa, Ana,, 3S8, S2S Cl90fj. 
IS -
. ffee lastfflaa Ko-dak Qmafaiiy pfetttat was reer-ystalllTOd 
I ,  • ,  • • • • • ' '  0  .  
three times f:r0»..»thjia<ii'aaa^ «L#l%«4'at • the lit^ ratar© 
© 
gives ^7.. CS5) =» 
. • • 'isel. f&r K,, 7»6S per ©sat,. Pound? 
lijf ?*.51 per seat* • • 
Fli©iiyl"q<"aa^ hthylaal:a« « 
fills 0oap@ttiid wmM pmrQh&mt from tke lastaan .KodaE Oompaay 
•e 
aoi was r^ orystalllzet twlee from et.liaaol« It melted at §0,5 
wljioli Yalue ootesidea witli that is tiis literatur® (S6), 
Malm Cttlet,* for *^^ 9 per eent,' Foaad: 
&*09 per eant-# 
Methylaalae Serteg 
B-'Butylaethylaalae « 
file proQe4«tr@ ©aployed by Grayer© i S f )  was ms©i, Tri-
a-batyltriaatbylendtriaaiae was first laad© aad tti&u it was 
re4«0ed to a-%atylaeth.ylaaiae,. 
fo 20 grass of freshly ii&tilled n-bittylsaia#., SI grass 
0 
ot 40 m&t foraaldehy^ e solution mrs gradually' adiei at 0 . 
fhe solatloa was made basi© with ,aa ©xsess of sedlna hydroxide 
and tbe t©f oily layer separated. ^ fhis layer of tri-a-b«tyl-
trimethyleaetriaaiae was dried m&r barium oxide for ssTeral 
(S5) fafel and Pfefferaann, Ber.., oo, 1513 ( 1 9 m )  ,  
(m) VrU^, Ser., 16, BQf? ClSeS)-.-
(27) 0raya©r©, Ssa*, 135^  ix9'58). 
aat tistilled fri» th& oxld©, fie first fraetloii up t& 
m & 
125 was tioQarded aai tlie next mm tram J.B&-S85 kept# Aljout 
o 
20 graas wmr& otstainea which @aa® of®r laostly at S75-285 » 
. Ti enty grsam of tfciis base were dissolved la ©old iJilut® 
lifd'fOchloriG aoil and SO grams of zim fswter aided* About 
100 ee# of ^ 0 e®at aold w&jtQ uM@d aa^  tke 
whole allowed t© et-aaa oveyalght wiien all of tlie slsa iiad 
reaoted aM tb@ re(iudti0a' was a«j^ l#t#,» The s^ lutlcm was 
ibollM'for 3 hours to reimv0 aay «x@«ss for»l<l-©!i|f4e• Sodiuja 
hydroxide was added uatll tli© solutloa was Jmst aeutrallssd 
when a heavy Aite preaipitat© of mlas liydroxlde formed. This' 
was filtered and tjie flltrat© amd© extremely liasl© with a 
large exaess of s&4lm hjdmxMe when th® yellow oil of li^ «r® 
a-butyl mthylMiae ssp-aorated out la the top lay#r., fhe yield 
was 11 ^ ams. Jh© seoondary amine was purified through th© 
aitroso eoapound. fhe mAm was dis^ lvod ia abo-ut 1j1 hydro-
ohlorio aoid, oooled in ioo, ©ad a ooao«atrat«d solution of 18 
graas of sodium nitrite added slowly. After staEdiEg a whil® 
the nitroso compouiwi was liberated toy an ©xoess of sodium 
hydroxide solution aad ©xtrasted with ©thor.. The ether solutioa 
was evaporated ia a vaQUUia''ant the oily aitroso aaiae refluXed 
several' hours with alooholio hydrogen ehlorid© solutioa to form 
the aaia© salt* fhe base was' liberated with sodim hydroicid® 
solution after th© alcohol was distilled off and was eatraoted 
with ©ther, fhe ether solutioa was dried over anhydrous 
potassiua sarbomt# for several days &»d then th© solveat 
* iSl, « 
€istili©i. off bM. the aaata© also dlsljUlea aM km^ % owr 
b&XM soaiTO hyti-QXld# for two. days. The pur#,^ dry «iii© w&s 
fraotioaated mA %kB tetMag' at 90*91^  sealet in 
aa^ wles, flie yield was afeout 5 gfa*s» 
Anal.* OalM« fdp a^ Hffiaoa^ s Hoiitral, equi^ , 87..10.. 
Sf.gl. 
(3->HyagQX.yetftyli^ ''fehyleffliiH0 .>• 
Fifteen grams sola) of etfayl&n# oxid# and 41 grams 
of a SS jper -jaest water solntlom of aethylamias •.(0,44' aale 
0 
vmthflamlm) were heated ia a s©al«4 tmb© at 100 'for IS hours.* 
OS o.o©liiig, the mmtmtm were i^ ottrM into a 800. ©t. flask aai 
solia potassium b.ydroxide 0arefMlly added in #xo.0s»\, A pale 
yellow oil of stroag awia® oior ©aae to the aurfa©«. fbe 
oily layer was separatei, tried mm potassium teySrozide m&t ' 
fraOtio.aal.ly distillaa*' fhe first fraction bollimg to 
ISO was diseard®4j. th& secoM from 130*100 was refraotioiiat#d» 
© 
Most of tlifii' aistillato OTer in the 1S4-1&6:portion 
•0 
whista was ogsin distilled aafi part bolliag from 155-15§ 
sealed ia wtigliea aafttl&s aa.t usM as th© pare froiuet,. 
sohotte,. Priewe and fioesebeiseH |I5S)- prepared, tfa© ooffipotma 
o 
by aaotli-ar mtkm aad foasd the boiliag poiat to. bo 156-1S6 . 
Aaale Gal^ 3a• .for G,8l4g.0Mj 18»65 per eeat. 
Woxmdt K, lS»4g per.cent» 
CSS) SoiiottQ, Priesfe aB4 Boaselielseii, Z.,. physiol. O^ hem..., 
174.., 119 Cifgai, 
BeazylaethyJl-affilii^ » 
was first prep&ret a^ aoTding to 
Za«as©&irBi* s a@thM (3S| aad wm r«dua#4 to tlie 4@sirei QompQwa& 
(40). fo lis graas (1*1 ii»lej of tee»malie-hft©, 10,0 grass of 
35 per -aent vmtm solutioa of aetiiylaial.a« ••was a€t®d-, an 
isBi@«llate reaetloa the reastloQ alxtmr© was extracted 
with @tlier;^  the latter dried mmr aahydroas p^ taaaitua earboBste, 
filterei aM. tiieo tbe ether evaforated* fhB rasldae was 
frastionally distilled aad the fraeti^ oa boiliag at i?-6-180° 
taksii# A yi©14 ®f 25,S grws (SS per aeiit •of t&e tlieor©tieal| 
of tlie orude preduot was obtained, flm orude benisirlideat-
aetlylaaitt© was €issol¥«d in S§0 ee, of absolttt© etEaaol and 
10 grms of ©otittffl gradiially aa.d«€» 'Bie solattoa was allowed 
t® refltix imtil all the soaim bad rea.Qt©dj and on tlie oooling 
©f tb® mixtiir© a solid s©iarat©t out* Tii# raaetioa prodaets 
were hydrclyzed with, ise water^  liyarQQlil0rl« aeid aMei mtil 
%UB alactttre beeaiae aold^  aai tben tike aleohol tistlllod off. 
An excess of o^dina tiydrsxi^ i© solutiea was -aMed te the rtsidae 
aa4 a dar.k teawa ©il sefaratei in the tipper layer. Tbe cjil was 
am&& sold to form tlie Iiyaroe.lii0ri4e and tlien extractsfi wltto 
ether to reaove any fe^ eamaMeliya.©« ffee aeiaified water laysr 
was treated with s-odiam bydroxid© s^ o^ lmtioo., ©nd tfa@ iark browa 
oily aain© tbat was liljarat®® was separated aad dried over 
(39} H» Eatmsetilra, ati,/SSl^ 'Sai (1888), 
fiol 0* Swariali, 2^ J~544 i lBBf} ,  
• 23 • 
sticsk pot-a&slaa 'bytroxiae. It was t^ en filtered aai fraotloia.-
ally dlstlllei. fh© first iiatill&t^  vkUh boileS at 181-18?® 
was farther fraetl€»sat«a aai. tlie pertloa of feoillag poiat 
e 
18S-185 , wMoii was oolorless, sealed ia wel^ iea ampules as 
far© beazylaetbylaittiae* 2ams0htra {40| gave the feelling 
feiot; at 749 am*, as 184-18S . 
Anal, Oal«d« for O,H«.eaalH0fl8 s aeutral. equlv* 
lEl.l, Fomaj lEl.O* 
Me % fay 1 -p" aiii.g ift Ine- ^ 
fli« direotioas of S'^mth a.oA Braaaer 141) ware followed 
for tlil'S ayiit&eais* la m SOO ©s. tliree-aeefet flask fittad 
witb a r«flu,i; eoad^ nssr aM dioppiag fuaiiel, 10 graas (0»8 iiol«) 
of p-aaisitiae were 41ss.ol?#d la 10 ee* ©f aBthaaol aaci tli@ 
flask ooolei wltlj i#© while 9 eo.« Qf dlaetliylsulfate were added 
dropwise.. After tfea reaetioa ted siibsia©4 the solutioa was 
rgfluxed oa. th© water a^tli fer beur# flie aetiiaaol was 
distillsd off Itacler fllaioisMsd pressure and a brown oil reiaaiae^ j 
irbicti ©ry St alii led to a Muisfa aass oi^ eraiglit., Th& prodtiot was 
dissolvet la water, potassium liydrosciAa was adde,4 until the 
soliitloii h^ Q&m alJcalin#., aM the soliitloa was th&u extraoteS 
with etli«r, fbe ether layer was driei QV&T aabydro-iis sodiaa 
siilfato, filter©^ , and the.etber ramoved from the filtrate by 
ewporatiom wider diaialshed preasare, flie residual brown oil 
t41|. Spaetlj aad Brmner,. Ber,,. 58, &2S {19E5},. 
•. 34 
distilled over as a ©-©lorless liq^ ttla at llX-113/9 am* fhe 
produet was radistilled at 13.1-113/t aa», and imedlatQly sealsfi 
ia welghei aapule®, S©vea ®r«as #f pua?© ooapomM were obtaiuea 
(§3 per 0eist of tli« theor^ tieal) • 
Metfayl*ot-«iiaplttliyl&ai]a&» 
III# ®ettoyl««(-a®:ffet.hylaala© mmA ia this stadf was obtained 
FROM, tbe lastaaa Kodaic Coapaay,. It was tfrie4 OW&T solid 
petassim fey<iroxi<le 'aad ftirifiii-a by distilling under reduee'd 
o 
ff#ssttre» It boiled »t 144»14S /12 a®« When tliis solorless 
liquid is exposed to simligbt,, it tttlefcly twns browa. 
MBtliyl*ir»toluid.iB€ « 
fkis eoapo^ mt was als© piir^ obased from tti© SaatMUt • Kodak 
Gomfiaiiy. fiie pale yeilow oil was ptipifi«4 io the saaa m&nn&T . 
"O 
as tb© preeedii^  prefarmtion and boilad at EQ6 » fhomoen (4S) 
found tb-0 boil lag point to b© 308 • 
c< *Smbstitttte&*S>»metbyljtyi*goliat.n®s. 
the eoiii>©tiMs ©f this #©ri©a ysme prep-sjred by h* G* Graig 
C16) and. kindly a©mat©€ to as for fortber exp«riaeatati©n, 
Tbair purity was "reriftei by aeaas of tbeir neutralization 
e<iuival®ats« 
la tbe series of aoapouads ttsad, all pwiried liq,tilts war© 
iarodiately sealed. In weighed aapules* All oryatalliiie 
C42}, fhGas@a, Ser,, 1984 C18?7|» 
gg 
§^ ospoa-asis, aft-er pttrifie&tloo,, were tried in rmwa mer 
0al«itta eklsrid© for'^ a 4ay antf - ttea kept ia a' vaottm desioaatoi-
over piK^ sihorie aaliydpid©. 
Attea^ ts Mv® hmtk m€» ia the past %Q a«l;@rala-© th® 
e*a.,f, of ©ells aM els# staadard #leotrod# potentials C43) la 
al0oh,-ollo. solvents bmt these %isy.all|r %©ea- lasonvQaleat 
toeoaus® of tli© followlag ilfflcttlfiets 
1» Tho iaigh r»sistatto© of tbe alsoiiol solutioas whleh dW 
m% allow «se ©f th® cjriiiaayy p©%ea%ioii8te-r apparatus. 
g» fbe laek of miA r«fr#4a<i.«abls .ref#r©ao® 
©l@0tr«Kl©S* 
§• fbe use of elestrQias, etiete as th© t^ la&ydroae alectrode 
C44, 4§| of dabioms valma of their ino-enstanoy of 
:p&teati-6l* 
4, fa© us© of oaloa©! balf»«ells is water as r#f®r»iioe 
«le0troi®s where lituia J«aett©ii poteatials teeaome aa 
uaeertaiiaty aai where tkere is tlie risk of aoiitaaiBeti«® 'by 
water (46|. 
• §•« Insuffiaieat fttrlfisattott of the solvent. 
fhe work ot Bmettey mA Hartley C^ Sl and CSooiliii© mL& 
Simn lis) toas ms% ot the above meatlo-ned soure©s ©f 
error, Tb© f©lidding expl&aatiom of proeeflttre is takea 
priaarily fT<m the- worfe of the' latter amt'liors. 
'C43| fl@tt.8tadt aM Ab©®, Z, pfeyslk. 01i©b ,^ , 4©6 {lt09|| 
Isgeris0'li©w, a. Ileet,, 18-, 568 ClSltJT'ibld,., 19, 491 
ClSlS^ j leustadt^  8S® C1910)| Oarriar'a asd 
AgostiRi» Gazz. ohiB, italT, SS, f l) ISt Ut05), 
(44) MaeFarlan©, J* Cho-a, Sos.»». SSH flfSl),. 
(45) ittskley ana lartley^  Phil, I?) 8, 3S§ ClSaS). 
C4§) Ibert, B©r*,, 118, 1?5 {10253, 
GoeAlitt®#. Sstowarte md {4^ '?} U&m 4©vls©A a Taema* 
tab® poteatioMtfti? ap-iajf-attts fm ttso wlt& tfa® hi^ hXj ©leetriaally 
resistant glass ®leetrod@,, and thm first diffioiilty was remcsved 
.by adapting It to th© »easiir@i»atg ©f ©•a«.f»s la setfeaael 
solutloas. 
file mmoM aa4 tomth oljJeetionaM© f©«tmr®s mr® ellala-
atea hf th© preyaratlen -of sttl fable aleobolle ealQSel iialf-
c©lls» fkes© ware mad© la 0*1 "feraial soilm elilorl4© solatlott 
of -m%h&UQl aa4, <mpll©at©4 la app»®raate tlie typ« used tor 
water mmwcBmnts* ff© frateot tie m&%hmmX solutions fitss 
aolstttf©, U tiitoes of -oomeeatrat-ed attlfurle asld^  fti©spborl© 
antoyirli®," aM 'imTmief were attasitea to tl»© Mlf-eells. (fig, 1) 
Otber r®f®i*«B@© ©l®©:t3?'M«s ©otiM lia^ e ISds-ea ms®4 but ths abovf -
«©r© satlsfaeterF owr -stoPt perloS® ©f tla©, and thslr 
potentials were «li-eek©a. psrii^ leally agalast sllfer-'SilTeE' 
Qhlo-rlde ©l«0ty^ >4-©-s fres&ly pyepafeft hf tke aot&©d ©f fiaraei 
Ctff© EJC-lfi).. Two- half-ealls of 'O.OMS 'Tolt aa4 O^ O^ Sf 
volt i-eferred to the silver-sllTer eblorli® el^ otroa© w®r# 
msefi*. Oa rest@»dsr4tm«tiom of the first on® after-© TOStli, the 
¥al*i© 0.0464 volt was ola^ talaed, 
fb© of th» sllv©r-sllv©r ahloria© eleetrod© 
referred to tii© aomal ^ trogea aleetro-fi© In aethaaol was 
aalawlated t© b© 0«0711 -velt hy MmMk&f aai Hartlef^  (4S) aad 
{4f) Gootliue, Se&wart© •«a4 F*»laar, Iowa -State Goll* 3m^  Sol#, 
2, ill |l9S3). 
(48) Hara©4.„ J# Jm, C5.h©-«. Soe,, 416 (1929) • 
Fig. 1. 
a bjclrogeri islet^  ' 
b hydrogen / 
a (^ &s,s etdppiir 
d calomel half cell 
e mercury seal 
,f rubber- conneo'b'ton 
g HgSO^  drying tube- . 
h Pa Oft drying t,Kx\^ • 
- Z9 • 
was aidtd to %hm Teltag® th® mlmsil Isalf-seH to refer 
the latter W th® mmm&X 'Hydrogea ©ieatr©<l©^ 
ffe@ aeaswreaeats of tfa# of .  t&e'»tliaiiol s©lutlo-as 
wer© *4© la a U t*ibe Cfig# 1) feotb arias of wbi©li were 
mm.m%*dA by m&mB mt a oloae^ gr0Wii glass, st©fe©Gk« la this 
way a© lateraetlat® l^ ridg© waa aeoes-sary as tlie .^ ttrrent flQw®& 
threo^ b the aagreaaed amd w©t s:top0##k,., a»d still ©aougli of a 
seal wa© i»de %& iceep aay salon©! s^ lwtiGii. from getting tiiroagfa 
to. polsom tbe hydrogen elestro^-es la the opposite half of the 
eell. fari^ ms sat«rat@d .s-a,lt solutions wer© triei tiy Baekley 
asd Hartley (461 t© ©lislitata tb© liquid JsaaotioB |*otentl«ls 
la tb« o©ll Ag, il#l::,- fiSl (0.1 f)//laSl (0,1 f.),. AgGl, Ag 
'Ottt j©tassl» Icsdia© gave tije feest re-salts |4.S& aillliroltaf,^  
'OQa^ km aaA Slxeii |18| tried torlfigts of ©aturated solutions'of 
p-ota.s.sitiffi thloeyaaste aM s-Qd.!!® t©di€e r-e-0s>eoti,vely aad fouM 
tliat the Toltage of tlie 8®11 tid aot shaag® aors thaa 1 
ailllTolt fr«, tlie falti© obtalnet witliottt tbe bridges. 
Iteert C4&)'©lala0t tO'feeve obtaiaed satlsfaetory restilts 
usiag a fttlakydroae eleotroae in tk@ meastireaeftt of potentials 
of • methanol ©ells,, "but Bmeklsy ami Hartley oould aot g«t steady 
valm& aftar ooasld^ rable ©xperlseatatioa* Ib ¥l©w of tfe® work 
of ths lattar lowstlgators ia this laboratory d&olied to 
use %h& bydrogea electrode* At first soat dlfflomlty was 
®B@ownt©r©d i» obtaiaijig a ooatiag of plmtliiiia tolaek wliish 
towl.t aot oaus# the eleotrode to beooae ©rratie almost 
laa»dl©tsly, but after awsroiis trials It wa® tovmA th&t a thiol; 
laysi* was-tfie most satisfaetory*, 
file IsyArogea ©leotrM©# %im& were. ssaHer tbaa tlx© msual 
MtBd aad wer® atoomt S squ&r®. fliey w@y© prepared la 
tofllaat© aat were piati»ig#i fwom a S par .eoat platlai® 
0iilorl€a s®lmti©a ©••oatai.alag a. trttt© &t l#ad wltli a 
©wjM-eat tensity of 0,,4 ampere for mtattt-®8 tm botk 
eie^trodes# M%QT being ms-tod with distilled water,, t&«y war® 
0l©etr©lym«d at a aoderat© rat® ia very dilate stilfixrle a@ld 
f^or fiv© adamtes aad tken was-fe«i witli tilstillad water^  ft per 
0©at setbaaol aM fimallf a%®olmt;@ settonol to rumovQ the last 
traee of wstar, 
fb® two elaetrodes wmm te^ ft togatlier by a stilCur-jPre® 
rtxfttoer stopfej* ifeioli wss of a diem©ttr saefa that it w^ ult fit 
»a«®ly iato tb« »«th -©n® side of a U tmb© hsTlag, a. grcjuad 
gl&gs stoieoQk 'feetw®®a Its ams (fig, 1),. A thlM toole in the 
stoffef beld a plee# of glass ttiMsg' wfei®li was drawn %& a 
aarrow tip- and irbisli exteaied d©wa*ard t© sllfhtly feel©* tli« 
le-fel ©f the plat tarn flags ®o that iiydr#g«a featitoltog tteou^  
would bath© t^ em* A f««ii*tb Itol® sQatalasd m sfa^ rt.exit tmb© for 
th# hydrogea gas, Tbls st first wmm sabaerged la metliaaol to 
k^®«p ©ttt isiolstttr#, but l^ tar tfeis seal was- fotimd to- be 
uimasiessary- The soltition whose eoastant was to »asar@d 
was poiirM iato t&e V tufe# a»d. oo-T©r»d • th® platlam flags ta 
Qm ara of the ©ell wfall# t%& @«lo»l fealf-sell dipped isto tfe® 
soltttioa In, the ©tlier ara. f!ie, -^ ass- stop«o©j£ was olo.sed but 
a©lst«ii@d witli th» solmtioa so tbat no dissolved ealo'ia©! oomld 
31 
get to polsQH Ji|r4rog@a ©l®etrM©s aa4 still a 
csurreat oomlt flciw tte*aiigh %h& eell» Th© a-alo»l ^ lf~sell had 
a: gpomd glass' stopper ia l%s tip to ko«p it 'from g^ ttlsg 
©©mtaiiimted hf ill® s©lttti©a» fb© f©rtio«.l sits ara of ttm 
refereaoe ejeetro^ e was,h&XA tm plase la tb« U tub® by a rubber 
&t9p-^ mT0 stoppers els©. ®«rt®d tke pmrpos® of lce@ping 
aoistiur« ©mt of tie' ©ell.-
Tli® h.^ &TQ$@n um& w&b fewfefelei tferottgh ab solvit® asstliaaol 
toefor© enterlag tfa© e®ll. Its p«srity was tetemiaed toy Gh^ Qk-
ing t&d ©.m.,f* of a j'slladiaffii-biasl: eoated eleetrot© 
ia a 0»05 ao.lar potas.-slw a«i.4, pfettoalat® .solution in water* 
A palladliim ©-oat lag was tis#t to ©liMiaat© any retuctioa of tb© 
fettffar wliioiit niglit oeeiir with t-ti& mr® active pl.atiaii2i-bl.a<3k 
layer., fhe flatintta-felaek ele-stro4©s. iid'iiot refiuo© the buffer 
appr©-©lftbly aM ware eoaslderad to be satisfactory if a pH of 
3.9f Mm obtftiaei., 
flia absolatt aethsao.! was jireparei .by tlie w&th&d of 
Hartley sal. B«ite« C49| m%%h .several »<lifloatlo»s, InsteaiS of 
aersury seais for oonaoetimg t.h« Heafel oolttm with t&© 
diBtillittg flmsk an.d thmm&m&tmp eorke soared in paraffia 
wer® tttei, fo reiio.?^  , folatile, impurities by reflnxiiig oir«r 
anhydrous aoj^ ger smlfat#,^  a siirrent of 4ry byirogeii. w.as passed 
tbrott,gb tb.& alcob-ol, as a matter of QQii-v&nlBnm^  ratber tbaa 
dry air# I® sttbseQaent runs no gas was ased, flie flaal 
(495 Hartley and Baites, Qtom, Soo*., la?^  5§4 i l9Z&) *  
•* $2- •» 
was aa ©rtlaary tiefelg s©iia@aii«r- ani 
fllstillat®,,, 0Giialt©r«4 pmr© mmmgh fm this work, ireservet 
la Pfr#i: f!&»!:© with tolfar-fr©# ruftber st-oipers,. Ah&ut 5 
liters Qt »olf«a% were pre^ ar#d s$. a time* Se^ ral rmas w©r® 
aade ok tii© s.®® 00i©©auad with, altokol fr« <itff@rent sooroes 
and siallar Tal»®@ wer® ©totai-net# 
S«m©tlaes traces #f fre©' a^ rs-ary fro®, th© Blwmlmm 
aaalg,am umm mm duriag IMe distillation of tli® alootoi, 
wiiea tMs oeettrr#4 tlie aMo&ol was d«©aatea aii4 redistilled. 
file ©et&od 11804 for tli# memumimnt of tli© feyiro-gea ioa 
•aetifity of tli© mthmQl. solw.tlQas is %h& same as tbat 
described bj Sarotliers, BiefefsrA aaA Hwr»i.t2 (SO) for water 
solttticsms, fto alookolio amine soltttioaB w@r® lialf*n«tttralized 
hf addiag balf of m #-q.aival@at a»oaat of an aloohiolis toyarogea 
obloride solution. The ©oaoeatratioa of t&© latter was 
4©termiaei 'by titration wit'h a stasAsna alkali solmtioia is 
water# ill soliitioas o-f t&e -mim-M were @Mut 0^ .^ 05 aolal as 
iaiioated ia table II, tolttiaa Z* 
MeasurameatB wers *4# oa two solutions of ©aob ©oapoaM 
© •  ®  
ia aa air thermostat at gS ^ &»1 , m,& «aeli rwiiag was eli©o.k«d 
witli a itplioate hjimgm ©leotroi#.. Thm eleotroios w®re 
replatiaimed for tli© .wt©ftsar#m®»t of Bmh toi^ owat to avoit 
poi'toaiEi -errors. Ooeasioaalli'' poisoaiag oeoiarrod, aa€ tbis 
was ittdioatei by a flaotmatioa of tbe arom<i tie aaxiaus 
(50) Oarotbeirc, Biokford aa4 lurirltz, Sm Aa* Olies, Soc,.,. 49» 
mm i imfU 
" m * 
aa<l tkm a griataal 4«erease. la value* ¥hi®n %be flow of 
hydrogen was stopfsi.,. %im ?oltag© ros# again to its »axi»«a« 
All soltitioms wer® .a»assi*e4 l»0€iatel|' after fealf-
aetitrallE-atloB to awii esterlfisatlon error® (SI). Also, all 
aleolielie liydrog@a «itolorii@ s^ latioai were aged wltliia thr©© 
hoars af%.©r pr«isarmtioa for th@ mm.& r«-aso», 
o 
TMe ealsttlatlon ©f tke P%qu valaes at SS frsa th# 
iiy<ir©-gea ioa mat ill. ty is tlie s.«$ a..s't]|at for P%g. ^ foi' water 
Bolmtlome ©xoept for %he s\jl>8titatl©s csf %h& ais0o.eiatioii 
, , ±7 
0.oastaat of tbe solfemt» metfeaiiol Cl».9§ x 10 for that of 
W6t®r* fbe ©qiaatioas tta©€ a.r@ 
•log ftu * B • "* ®Qal 
0,.OS&1 
%.aa.0H -• 
®^ l>OHtOE * 16*6®W - i-lo,g ag) 
1 « ©feservei 
®bar * e«a.*f* oorreotioa for the barometrls pre»s.ar®. 
%al « 0.a.«f» of the oalo»l tolf-eell* 
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0,11.. > M*m 2.S© 
(0#Hg) gi- M^SQ 3,.94 
4.46 
G,l,> mm-mmtrn 4.0©^  
«* taw.Mw 4,a4 
• 6»gS^  
fla© ©0:a»tiaBt rmmrA&A for eaofc oosg^ otaad of tbe dip&©a|-l-
aaitt# s«rl@a Is m avereg© #f %w& vmlm& agreeiag within 0*05 
of a pE wait* 
fh& yai.ti®s of aonstants fQt th# tetrazases -w&rm  ^
mea^ reA ta t#3,meiie excepting thos# sartei {a) aa4 11)1 (a) 
was •»estt3P®d la aeetoao and (toJ In 
fli0 jlast foar ©osi^ aad® of tli« dlplj©»fl-«*iii© series w«r© 
Ijasle ©aoti^ . fee is®as«r«4 iy the mstkoi as©a* 
f 
fli©8® fK faia©© WBV® ealsmlatei from dol^ seluaidt mA BaterVs 
dissoelatloa @0iista»,ts fay ttie mbstittttea t©trasatt« mrlrnm 
- ss -
fiBI^  'II. 
l.M.F, .'Of -Ceiis -fosr'-a 3@tle# ©f S-Safestitutei 
i^liaes ia Mfttfc»oJL 
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%fee. ©,.ji,f# ef ttie ealomal half-oeil us®t ia tbd msasur-eaent 
0f tMso oompemts referrod to . t&© • aoraal toi-toGgea ©l®@trod® 
was- 0»li48 volt.* Ttio other comt©i«i#s were aeasmred with a 
slffill^r balf-Q6il of 0,1165 volt. 
- M • 
fmi III.. 
&f QmXlM toT m Ser ies  Qt  t l -g*ibs t l t t i t®4 
i» Mttbaa©!, 
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f&e aalo®©! Ml.f»«©ll weet referred -to tli® normal hydrogea 
eleetrode Jaai- m. ©•a»f.» of £)»lli5 volt* 
f&©s© ar© not fery ©saMratej, aM tlie @»or8 are 
probably <iue to a trae© o-f water th&t oould sot fets reaovet 
la tfe© skort period of drying* 
Tmm lY. 
&f Csflls for & Series ©f Alptoa. SafestltutM. 
H«M«tMyJ.ffP3r0li4i»s In Methaa©!* 
Pl/H« (1 ato.,| Mmimm // MaCl {a,X f), 
salt 
» 
Al^ Um. S-a'b®ti- t • 





corr. to : 
760 isua, J 
»% • 
m. 


































Pa#aji 0.0il4 •e.fte.is 9,®S 7.34 


















til© of tlie ealoa©! ialf-eell referred to t&e aoraal 
sleetretl# *as O.llit volts. 
Tti# #.,s.r. of ttoe 0aloi»»l lieif—0.011. was 0.,116& volt,. 
Til© ©©mfoaats of tfee se.rtss were as^ nsmred with a kalf 
MIL QF 0..1160 fslt. 
* 38 « 
«f S«flls f©r a Series' of SysBattrloml 
BmoMmtf mimB in Mettoaaol, 
Pt/Ha i l  mtm*}  mim // HaCl {0.1 f),. i%s01s/Hg 
.salt 
. fo%'al : 1,M.F/ • i' 
a«JS©^.ouai 1 SoQS©.atratioa f aorr. %#• •% 
t iml&l) . r 1^60 • s 
Dl-.a-l>w.tflaiaiae 0. 0590 0*fi90 11. ^55 5, .15 
0, .mm . 0'.,7f90 11. S& 5, .IS 
Dl*»((i-lif4roxf- 0. 05sa 0, f4&2 10, :59 6, ,11 
efcijyD.-'amls© 0, mm Q.,7419 10. ,56- 6, .12 
Oi'fe-eiizylaaic^ ' 0, •oese. 0,66.54 9. m 7, .41 
0> mm 0,66i0 t. 35 7, ,35 
•p,»»**Oiaalsyl- 0. 0646® 0..3058 s. .23 IS, .47 
aaitt© 0, 0400^  0»3073 s. :SS 13. 44 
0. oooo® 0.276S B, 7S IS, .97 
aaias 0. 0518® 0.2757 g. 7g 15, .98 
D,lp&ettyl-®iila@ 0, 05 EO^  O.MSO £0 14. 50 
0. 0477^  Q^B4m Mm 20 • 14, .&0 
a 
f&ese eoapomis w#r© measured toy a ealoa©! faslf-o©ll having 
aa of 0.»1148 volt when %& th© aormal feydrogea 
el©Qtro4©« • A «al.oail ^^ lectrodef sf 0»116S volt was ttssd wltli 
Ktb© other •0oa5<jiffi4s in to©'series* 
• flies© values «r« aot very ao0-a?at« du® %•© a traee ©f water 
eouli not fee removed reatily from t-li© eoapowai# 
w t3df: ixt fa w w tij BES O " "»/ -•' • O 
o o~ I# o o u •< i'S4 O » O itt •' i»3: I 
. t> tqo )[ 
jaieatroa-shaiTins abiliUy of or^^nio ra^fcaXs 
m^m 
,; Til® loniaation oonstants of a sortss cf 
mstLtyiaiainQB In wat^r \1} fcn3 In wctUaaol ll^) 
ajii L Ftsrie's 3f ir*3Uosti.t'ite4 aullinee In ufatei* (Tll? fiCd-? in 
methanol (IV) plo.tted as.fungtloaa «Jf tlj-fi electroi^>^'a:Ci^S . 
eiQillty df'organiq - "' ' "--.C'' ! 
*The pKb v?i3.ue In water of ^-hydroxye^hylmetbylejuiine ¥s#.' f<?und 
to oe <1.30 <ini of (9-hyai'oxyBthyl&iiil.ijci« 9.vi3. 
' ' -<-f; ''^  wH"'-r''•*' i-s-- ,-
 ^ >*' ' ' v.- ' r^ '*'/ 
Blectron-^arlng ability of ois^anle radi^t^ls 
Fig. 3. rhfe lanisation oonstants of a swities of elpha-- , " ^ 
substituted-r.'-iacthylpyrrolilinos in water (l) and in TaB-tiianol 
d'l} plotted as functions of tho electron-sharing ability of the 
or^iania radicals. 
or organic radicals 
; ?lg. 4, The lonlzatlqn constantts of e surie-s of 
sya:jC£itti.ot.l e^-con.'lary «.aiiue^  in water (I) and in rxethixnal . 
(11) 'as fuaWlons of the eleotron-sLfrlnc ability 
of;oreeinic 
t:. 4^  if o 
!<«• # m {^ H 
f 
s* is* *^. JjSk 
•13 ® w o n if § |«f & 
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tti© s©ri9s due to a elai^ e' of solvent* Stae© it aot W 
measured la dither toltteE« or acetoae, eblorofem was used. 
PreviouB ..work sho*s /that tiie fIC sliomli "be larger in toluea© 
tkao ia Gblorsfom, sad a ijreater Taiul^ wouM tend to plae© 
tha 0O11POUI1S in tlie ©orrest positioa, 
la general, tlie rasults fotiad eoafira tiia order of eleetro-
aegativity of radicals obtalii©4 "by SolisolKaidt aad Bader in 
t&eir work: oa sli© diseoaiatio-n of o(»aryl substituted 
e^iizoyltetrazaaea* 
A farther. wrififisatioa of Breasted*s stat©n©iit tbat fh© 
solfeat influeiiQQ is mnatimt aad additive for amiaes in u'ater 
and aotiLaaol has toesa aad« by cletemimiRg the loaiaatioa 
Gonstaots ia »tliaaal of se^ 'ea tl-sutostlttttoa anilines (table II), 
savea S-^ substltutad aettijlamiaes III), eiglit ck.-substi­
tuted l-aetbi-lpyrroiiiiass ftabl# I?), six syiasetriaal secondary 
aaiises Itatole f)and csompariug tliem with their water oottstants 
(fig. g, 5. €)• fb© tfrro'lidine series was -usad m&inlf to 
deaoiistrate that eoapouiids haviag a structur© differont 
from tii« sesoodary amines ar© affsetoi similarly by tlie sol¥ent, 
lonizatioB QO-nstaata ia mrfcer for the water soluble 
QOapouB^s of tlie series were knawm ani differed widely &nov^h. 
to allow plsttiag of tHe values to for® representative ourTes, 
-» 44 •* 
Im rigw&s II aai If the vatees of  ^ (3-to>fdro.icy-
®th.yl«©t.feyl,aai»o aM 4i*»C(3-iiydrQxy®tby3.)-aBlB©» reapteti^ ely, 
4o a0t solaeiAe with the mrrm m& evitently are in 
Tb© iiserep-asaales are probaM.!- Stt© to 'tfee-es of water praseat 
ia the ecap©Jia«ls wiiia:lj #0i4M net ti# removed in tiie. short: period 
of i.rylia^ .* lotH •©•? tli© mmponoM.m ar® feygr©s0©pl:O' aad. th© 
pressiiae ©f *.ater *©uM Inereas© tke iQaization in ®©t:&,aaol as 
was olissrved*, flie faet tlat tlie pK-^ j valw© .obtalsei for-
|3-kydroxy©tli|'l«etitylaMia9 ia water, la wlitek it Is wry soluble, 
fits thB water oarve wriflus the purity of ttie ooi^ oaai aad 
fttrtlier iadieates ttot water is th& mmse off tlie error in tfas 
laetliaaol meas-«r«ime»t.. ' fks ioml»tl<ja ©oast^ t for 4l-i(3«li,fdros:|r-
et.liyl)-aaija® in, water Ites be,®a obtaiaei fro© tk© ilteratar®,. and 
it also coiaQ4d©s witM tli© water earw, 
IR eoatr«41stlttetl©a to t%© atjew, mottier ettenol 
teriiratii'e, (3-hydroxy-©tl^^ieaiilm®, is ai-igHtly' solttble ia 
water easily irl@d md .gives s.atiafaetprf mXuem im 
feotli aettaaol and water tfig* II.I» 
Th0 reaaiaster ©f %lm ©.ospaunig ©f the syiaittetrleal B&mn&srf 
min& series hav# i.oaizatioa values eoiasidlac f.airly well with 
ttie aaoetto met.liaaol eurte.- ThQ ©ombiaed .«leo.t.r#aie- ©ffeots ,of 
th® twQ sliailar ra(llo..als aalastltutei in the mimomAn giT© 
loiilEati<?m -Qoastaat-s wliieb plate tie cioabia®^  raAleals In e 
s®rl«s of eleetroaegatifitf sisilar to tbat for th® ladivldttal 
ra4ieals ia th© filial, .series. 
fb©r» also se#m,s t© b® -a twantltatiT# effect, Th& desre®#® 
4S •-
Of Qg whea a mtkjX gromp is ia aifb-enflaaim© 
i,a tie para .positloa is 0..1.9 aalt, aad w&en aaotfeer aetliyi 
groaf is piaeet ia tlie para prime fosltiom a fwrtlidr desreas© 
©f 0*34 uait is otoserved.. flia of a metMxf gr^ iip 
ia tiie fara ,poslti,«»a ©f ^ ipJieai'laMiat -lowers tbe S^ boHgOH 
faiiis 0*S&,- aai Bmtostittttlcis ©f aaotter isatbo-xy gr^ up la t!ie 
•©tlier |iara j^ ositiom fwrtter 'iewers tte 'Y-alm 0.6'f--mait. It 
appe.^ s ttea "that %h& iatroduetioa of tw© simiiar raftio-als is 
tfas para aat para prim® pasitioa-s has atoowt thrs© ti»s ttm 
eff-©«:t m t'h© pK falue «f tipfeenylaai.a© of tlat of oaly &m 
radieal..- VutoTtun^ tmlf it *as mt possitel® t® .obtain, furtMr 
data m this pteaomeiioa as- thm esiistsants of thm "bmm ao4 aitro 
subslittttat 4lpli©nyla»lji«a mnM aot M bj the mmm 
fh-e -aiopes df tk-e water starves- fer tke 
pyrr0lla©s„ oc-sttb-stitttteA ffrrolidiaes, aai o<->sttb^ 8titut-@d 
H-ffi»tbylpyrroll4iaes ma tha aathanssri earves for the iatter t«Q 
are .ala&st IdaQtieai# f&e solveat aad radical ©ffe^ ts ar® 
therefor® eo-nstaat fur eawh series aad tlie dlffer©ao©8 ia tbe 
posltioa® of tli« @iar"?&® oa t-be e&art ar© toe t» strmotijral 
tnflmMQB® stt-o^ ®s tU» iatroiactloa ©f o-a.e aoable-boE-a im t-li# 
pfTTolMim rlBg to fmm tfe# fyrr©llaes aai the safestitutloa of 
a i»tliyl grottf f©r a bydrogea atom" attaalei to .mitrog»a ia tH# 
Pfrr©Xi4ines to form, tfee li-metbylBirrolidlnes. 
ffe© M&t&T SttTves of tij«- .RMIia a»t MHCHs series ant idls© 
tbeir matfeaaol sarves lie*® t&© sa» sl#p© aat o®a b®. e%^ ial.aea 
•» 
Xa %hm RlHQilp serie® it apfear's t&at tfe®'i©alsatloii aoastaa.t 
f@r as ftjaad ibf H-all aaft Sprinkle tZS) is 
la #»or as the vaitt©' 1Q-.39 Soas- aot fit tlit water earv©, 
A eorreetsd valm© 'f+Sf Ws "beea ••©aiomiat©t' by smMrastlng 
t&# eofistaat tara 2.,. fetind. §or the diff©r©no« la jk% between, the 
•water ant methm^ X 'eurves aa aesorlfeed ©a page- &!»©» fros^  tie 
oa e^Mfoani l» mthm^l 
•fMs ©I'l*©!' of 0».4S -5% mitt is p-ro^ ablj tarn %•& the extreae'ly 
weak Msleity low solttbllits^  ©f th# ##apoittai In water.. 
- -
smimt 
i. Thm ioatgatiiaB' -o-oBstaats ©f ©iglit-eea sesoBdao-y «aia©s 
'aad alpha-substitti%©4 S-aathflpfifTOlldiae® have teeea 
aeastti-et -Ib ia'bS:Gimt© aefliaaol tisiag: tte ]fc|*'drog©a eleatr^ d© -
a T^ fQTQum ©aloaol half-«el3. eaataiolag 0»1 f. so41«, ehl^ rid© 
Ifl ffletliaaol* 
S, file 1?©suits fomd aoaflm the order of eleetro--
BftgatlTity of 0rfiia.l-® rMleals- .obtained fro® aolda©liml4t .siM 
<lata sa •ilssoolatloa «>f a .series of 
siifest i %ttt8.a. • tirmzaaes.. 
©.» Th® effects of sa'festltwtlQa of orgaale raAloals Iato 
the series R110H»., lllHOtHa ani oa tli@ ioElzatlo.a 
o©ast.eiits of -fch© eoi^ o-ttads gifss .aa orier of ©leetroae-gatl'S'lty 
of raditals siailar to ttot .©.btai»o€ Hi»» aai Johas and 
00-woric«rs* 
4, The order of polarity of m. series of CB)a- railoals 
obtata©d frcffi tte loaimatl«a eonst-ants of oo^ omts 
Tsas foa-ad to b© sisillar to that f©r t&© K- series, 
5.,. ir|^ :a.st©i*s Qplnim tliat the solveati isflmeaee l.s a 
eoastaat aoa aiditiv© faotor ia %hm^  idai.zatloii ©f bas0.s and 
a«id® la. .al.oe&oli.e a-olutioas has beea wrlfi®4 fmrtbar for tlie 
•Q&&m of toase-s is aetfeaa©!. • 
e, pKj, valwe of c<«B,a5fetliyl-l-aetliylaiilm0 la water 
obtalaed hf Hall aad SginMle feas teen corrected from ioalaation 
data In aatliasol. 
